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The inappropriate and irrational use of antibiotics has contributed significantly to the development of antibiotic resistance. [1] [2] [3] Patients infected with resistant organisms have an increased risk of poor clinical outcomes, including death, and consume more healthcare resources. [2] Globally 700 000 people currently die each year from drug-resistant infections, and if there is no international action, a scenario analysis has suggested that by the year 2050 this will increase to 10 million deaths annually, with a cumulative cost to global economic output predicted to be USD100 trillion. [2] In a postantibiotic era, infections will become untreatable.
Individual prescribing decisions affect the population level of resistance. Antibiotic resistance in an individual patient is evident for 1 month following an antibiotic course and can last for up to 12 months. [4] There is robust evidence to support prescribing the fewest number of antibiotic courses for the shortest possible period of time. [2] [3] [4] Antibiotic stewardship (AS) aims to optimise antibiotic use and limit the development of resistant bacteria while ensuring patient safety. [5] One aspect of AS is the creation and use of evidence-based guidelines to support appropriate antibiotic use.
Eighty percent of antibiotics prescribed for human use are in primary care. [6] Adherence to guidelines in primary care has been shown to vary significantly depending on the condition being treated. [7] [8] [9] [10] [11] [12] [13] Studies have shown poor guideline adherence for respiratory problems, [7] [8] [9] [10] urinary tract infections, [11, 12] tonsillitis [13] and acute diarrhoea. [10] Other variables associated with poor adherence include seniority of the clinician, [14] prescriber workload, [15] patient age [8, 14] and area-level socioeconomic status. [8] Using antibiotics incorrectly and inappropriately by not following guidelines can contribute to the development of resistance, as well as poor clinical outcomes including patient morbidity. [1] [2] [3] There has been limited published research and evaluation of antibiotic prescribing in primary care in South Africa (SA). A retrospective drug utilisation study carried out in SA in 2010 [16] reported the total amount of each type of antibiotic prescribed over a year, but unfortunately not the indication or appropriateness. Two pilot projects assessing antibiotic use and resistance were carried out in Brits, North West Province, and Durban, KwaZulu-Natal Province, between 2003 and 2005 . [17] They reported the percentage of prescriptions containing an antibiotic, and one site reported on adherence to the Standard Treatment Guidelines included in the South African Essential Medicines List. Neither site commented on the reason for prescription of the antibiotic or the reason for nonadherence. A further study in 2001 evaluated antibiotic prescriptions in nine private primary care facilities across SA. [18] Most of the RESEARCH diagnoses for which an antibiotic was prescribed were respiratory conditions, including viral influenza, acute bronchitis, the common cold, cough and acute sinusitis. There has been no comparison in the literature of appropriate prescribing between different healthcare professionals (doctors, nurses, dentists and primary care drug therapist pharmacists) in the public primary healthcare system in Cape Town. The objectives of SA's National Strategy Framework for antimicrobial resistance 2014 -2024, [5] the SA Antibiotic Stewardship Programme, the national Best Care Always Campaign and the World Health Organization (WHO) [1, 19] all support increasing understanding of prescribing practice. However, with the lack of recent research it remains unclear what current antibiotic prescribing practice is in primary care. The Standard Treatment Guidelines and Essential Medicines List for South Africa, Primary Healthcare Level, 2014 edition (EML), [20] provides a comprehensive, evidence-based guideline for prescribing, specifically in primary care, but the degree of adherence to it is unknown. Increased understanding will enable AS policy and interventions to be appropriately directed to optimise antibiotic use and potentially minimise antibiotic resistance.
Objectives
To assess current antibiotic prescribing practice in primary care facilities in the Cape Town Metro District, SA, and compare it with current national guidelines, and to assess the reasons why prescriptions were not adherent to guidelines.
Methods
A retrospective medical record review was performed. In the Cape Town Metro District, there are 152 public primary healthcare facilities in eight subdistricts. Nine community health centres (CHCs) and 40 community day centres (CDCs) are managed by the Western Cape Provincial Government, and the other clinics, satellite clinics and mobile clinics are run by the City of Cape Town municipality. [21] The city and the province have separate management teams and governance structures. To avoid complexity, this study looked only at the CDCs and CHCs. One CHC or CDC was selected at random from each of the eight subdistricts using an Excel random number tool to give a representative sample of the district. For reporting purposes, the facilities were renamed clinics A to H.
Data were collected on site from medical records by the primary investigator (JG) using an electronic collection tool. Two days were spent in each facility during April or May 2016. Records were made of those patients who attended with a new problem during either of the two study days or who attended for a chronic or routine review appointment and raised an acute issue that day. Data recorded included patient gender and age, the type of healthcare professional who saw the patient, the diagnosis documented, and details about any antibiotic prescription given.
Only treatment antibiotics were recorded. Prophylactic antibiotics and tuberculosis treatment were excluded. Patients with a documented diagnosis were divided into those with and without an infection. Those without an infection were excluded from analysis. If a specific diagnosis was not recorded, the diagnosis was categorised as 'unknown' . Only patients with a definite infection or an unknown diagnosis were included in the analysis.
Paediatric patients were defined as aged 0 -16 years inclusive, and adult patients as aged ≥17 years. Each patient was also categorised by the physiological system relating to their diagnosis. If a diagnosis was not recorded, the system category was determined by the main presenting symptom documented.
For all cases of infection or possible infection, the prescription or lack of prescription of an antibiotic ('non-prescription') was compared with the management advised in the 2014 EML for primary care. [20] The case was deemed adherent if a diagnosis was made, the indication to prescribe an antibiotic or not was correct, and if applicable, if every aspect of the prescription (choice of antibiotic, dose, duration and frequency per day) was also correct. Data were analysed using Excel 2010 (Microsoft, USA) and Stata 13 (StataCorp, USA). 
Results
The clinical records of 654 patients were included in the analysis (see Fig. 1 for inclusion and exclusion of patient notes). Of the patients, 449 (68.7%) received a prescription for one or more antibiotics. A diagnosis was specified in 545 of the 654 cases (83.3%), and in 109 (16.7%) the diagnosis was unknown. Of the 545 patients with a specified diagnosis, 387 (71.0%) were prescribed an antibiotic, and 243 (62.8%) of these antibiotic prescriptions were non-adherent. Of the 109 patients with no diagnosis, 47 (43.1%) had no antibiotics prescribed and 62 (56.9%) were prescribed an antibiotic. However, as defined under 'Methods' , all prescriptions or non-prescriptions of antibiotics in the group in which the diagnosis was not specified were deemed non-adherent.
Outcome 1: Adherence to guidelines
Overall, only 45.1% of antibiotic prescriptions and non-prescriptions in the 654 cases were adherent to guidelines (95% confidence interval (CI) 41.46 -49.12). Of the 449 cases in which the patient did receive an antibiotic prescription, 32.1% were adherent to guidelines (95% CI 27.90 -36.55). For the 205 patients who did not receive an antibiotic prescription, adherence was 74.2% (95% CI 67.77 -79.72). If an antibiotic was prescribed, it was significantly less likely to be adherent to guidelines than when an antibiotic was not prescribed (odds ratio (OR) 0.17, 95% CI 0.12 -0.24; p<0.001).
The majority of the study population was female (61.8%), adult (77.4%), and seen by a nurse (64.7%). Only 6 patients (0.9%) were seen by a dentist. Univariate logistic regression analysis showed that none of these variables significantly affected overall guideline Total notes reviewed N=2 771
Acute problem n=891

Acute problem, infection or potentially infection n=658
Records analysed n=654 (acute problem n=559, chronic care appointments with acute problem n=94, non-infection problem with antibiotics given n=1) 
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adherence. Multivariate logistic regression analysis suggested that prescriptions for adults were more likely to be adherent to guidelines than those for paediatric patients ( Table 1) .
The number of patients eligible for inclusion varied from 47 at clinic H to 125 at clinic A. Adherence varied from 32.8% at clinic D to 64.9% at clinic E. Clinic A was used as the reference for logistic regression analysis. Clinics E, F and H were all significantly more likely to be adherent to guidelines than clinic A. These factors retained their significance in the multivariate analysis, with clinic C also demonstrating improved guideline adherence ( Table 1) .
The seven most common systems treated were respiratory (27.8%), dermatology (23.5%), gastroenterology (7.8%), urology (7.5%), sexually transmitted diseases (STDs) (6.9%), throat (4.1%) and ears (5.5%). The proportion of patients receiving an antibiotic in each physiological system category varied from 100% for STDs to 13.7% for gastrointestinal diagnoses. Adherence to guidelines varied significantly between the groups. Dermatology had the highest proportion of cases adherent to guidelines (66.0%) and was used as the reference for logistic regression analysis. Respiratory, throat and urology cases were all significantly less likely to be adherent to guidelines than dermatology cases. This significance was retained in the multivariate analysis for respiratory and urology cases, but not for throat (Table 1) .
The gastrointestinal system had the highest proportion of un known diagnoses (31.3%), and STDs the lowest (0%).
Fourteen different antibiotics were prescribed for the whole cohort of patients reviewed in this study. Of the total of 449 patients who received antibiotics, 370 received a prescription for one antibiotic and 79 a prescription for two or more. The most commonly prescribed antibiotics were amoxicillin (37.9%), flucloxacillin (12.7%), metroni dazole (10.9%), azithromycin (10.4%), ceftriaxone (9.5%), ciprofloxacin (8.4%) and phenoxymethylpenicillin (3.0%). The antibiotics for which most prescriptions adhered to the guidelines were metronidazole (58.3%), azithromycin (55.2%) and ceftriaxone 
Outcome 2: Reasons for nonadherence
The treatment of 357 patients (54.6% of the total study population) was not adherent to EML guidelines. [20] Of these cases, 92.7% were due to a single error and 7.3% to a combination of errors. The five main errors were (as percentages of the 357 cases in which an error was made) unknown diagnosis (30.5%), antibiotic not required (21.6%), incorrect dose (12.9%), incorrect anti biotic choice (11.5%), and incorrect duration of prescription (9.5%) (Fig. 2) . Of the total study population who received an antibiotic (n=449), 17.1% did not require one.
Of
004).
Of the study population, 205 patients did not receive an antibiotic; in this group, 151 prescriptions (73.7%) were adherent to the guidelines, 48 (23.4%) were not adherent because a diagnosis was not specified, and 6 (2.9%) were not adherent because an antibiotic should have been prescribed. These 6 cases included 2 cases of pneumonia, 2 urinary tract infections, 1 case of conjunctivitis and 1 infected wound.
The results of univariate logistic regression analysis for the five main reasons for error, related to facility, patient gender, clinician type and paediatric or adult patient, are set out in Table 2 . Doctors were significantly less likely to specify a diagnosis than nurses (OR 1.61, 95% CI 1.06 -2.45; p=0.03). There was no difference between doctor and nurse prescribers for the other four main error reasons ( Table 2) .
Paediatric patients were significantly more likely to have a dosing error than adult patients (OR 0.17, 95% CI 0.09 -0.32; p<0.001), and adult patients were more likely to have a course of antibiotics prescribed for the incorrect duration than paediatric patients (OR 10.26, 95% CI 1.39 -75.63; p=0.02). (Table 2 ). There was no gender difference between errors made (Table 2) .
There was some difference between facilities in errors made. The errors of unknown diagnoses, prescribing an antibiotic unnecessarily and incorrect drug choice all showed statistical significance between facilities. No other significant difference was found between error types in different facilities (Table 2) .
Failures to adhere to guidelines according to physiological system are represented in Fig. 3 . The commonest error in the respiratory system was use of an antibiotic where no antibiotic was indicated (48.3%). For non-adherent urology cases, prescription of an antibiotic for the incorrect duration comprised the majority of errors
9.5%
Diagnosis not speci ed 
Fig. 2. Reasons for non-adherence to guidelines, as percentages of all cases in which an error was made (N=357).
Respiratory (n=120)
Dermatology
Fig. 3. Reasons for non-adherence to guidelines, according to the seven most common physiological systems. (STD = sexually transmitted disease.)
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(51.2%). For dermatology cases, the main errors were not having a diagnosis specified (28.3%) and incorrect choice of antibiotic (22.6%).
Discussion
Overall adherence
Antibiotic resistance is a global problem significantly associated with inappropriate use and overuse of antibiotics. [1] [2] [3] This study has demonstrated that in the Cape Town Metro district overall adherence to national guidelines for antibiotic prescribing in primary care was low at only 45.1%. This level contrasts with the results from the WHO pilot study in Brits, SA, where overall compliance with guidelines was found to be 67%. [17] However, in Brits tuberculosis treatment was included and there was no evaluation of appropriate non-prescribing of antibiotics.
The study population of patients with a definite or potential infection can be divided into those who received an antibiotic prescription and those who did not. This allows for comparison of appropriate prescribing and non-prescribing of antibiotics. When an antibiotic was prescribed, adherence to guidelines was a relatively low 32.1%, whereas when an antibiotic was not prescribed adherence was much higher at 74.2%. This indicates that the main problem is with the antibiotic prescriptions themselves rather than cases of infection in which an antibiotic was not prescribed.
Factors affecting adherence
Multivariate analysis showed that prescribing for adults was more likely to be adherent to guidelines than prescribing for paediatric patients, which may have been due to errors in calculating paediatric doses or lack of experience in paediatric medicine. There was no association with gender or whether the healthcare professional was a doctor or a nurse. This is an important finding for the development of a targeted intervention.
Facility
We found a significant difference in levels of adherence between different facilities, so clinics performing poorly should be targeted for interventions first and those performing better could be analysed further to understand why they are more likely to have appropriate prescribing practices. Other studies have suggested that the socioeconomic circumstances in the area in which the facility is situated affect adherence. [8] This aspect requires further evaluation and did not form part of our study.
Physiological system and type of antibiotic
Guideline adherence varied between physiological systems and according to which antibiotic was prescribed, which can also be used to guide the development of targeted interventions. A positive finding of the study was that the physiological system that had the highest adherence rates was dermatology (65.6% adherent). The main reasons for error were because a diagnosis was not specified (28.3%) and use of the incorrect drug (22.6%).
Although it is appropriate that all patients diagnosed with an STD received an antibiotic, only 64.4% of these prescriptions adhered to guidelines. This was the second most adherent physiological group, and this finding relates to the fact that the antibiotics with the highest levels of adherence were metronidazole, azithromycin and ceftriaxone, all commonly used to treat STDs at primary care level. STDs was the only system that had no unknown diagnoses, probably because the STD proformas used by facilities require a diagnosis to be encircled.
The appropriately low antibiotic prescription rate for patients presenting with gastrointestinal problems is a positive finding. They had the lowest proportion of antibiotics prescribed (13.7%). A common complaint in this group is acute diarrhoea, and in contrast, international studies have shown an inappropriately high level of prescribing for this group. [10] However, patients with gastrointestinal problems had the highest proportion of unknown diagnoses (31.4%), which may indicate diagnostic uncertainty in this area.
The system that had the lowest adherence rates was the urological system, and the antibiotic with the lowest adherence rate was ciprofloxacin, most commonly prescribed for urinary tract infections (UTIs). When evaluating why prescribing for urological problems did not adhere to guidelines, the most common reason was incorrect duration of treatment (Fig. 3) . International studies reveal a range in guideline adherence for UTIs from 22.2% in Slovenia to 72.7% in The Netherlands. [12] There are also findings from other countries that incorrect duration of antibiotic treatment for UTIs is a common problem. One study showed that 82% of trimethoprim prescriptions, 73% of nitrofurantoin prescriptions and 71% of fluoroquinolone prescriptions for UTIs were prescribed for longer periods than guidelines recommended. [11] For patients with respiratory problems, only 34.1% of cases were adherent to guidelines. Of those that were not adherent, 48.3% of the errors were because the antibiotic was not required (Fig. 3) . This is consistent with international findings; for example, a Malaysian study found that 31.8% of prescriptions were unnecessary, [9] and a study in Botswana found that 79% of prescriptions were unnecessary. [10] These results are valuable in that they have identified another area of targeted intervention, since many of these cases are of viral origin.
The difference between adherence in different physiological systems is important, as it identifies areas that could potentially be targeted for education campaigns and further research.
Reasons for non-adherence
This is the first study in SA primary healthcare that has looked at the reasons for non-adherence to guidelines. The commonest reason was because a diagnosis was not specified in the medical records. What is unknown in this group is whether the clinician did make a diagnosis but did not record it, or there was true diagnostic uncertainty. As we did not interview the clinicians, we are unable to elucidate this aspect further, and we could have underestimated the actual adherence to guidelines. This is a study limitation and requires further research. It should be noted that in this study, lack of recording of a diagnosis was determined to be a significant reason for non-adherence and so was included in the analysis. Failure to record a diagnosis has medicolegal implications and is an important area that must be addressed. Doctors were significantly more likely than nurses not to specify a diagnosis.
The second most common error was that the antibiotic was not required. This applied to 17.1% of all cases in which an antibiotic was prescribed. This irrational use of antibiotics is associated with the development of antibiotic resistance and is a potential cause of adverse effects.
The third most common error was prescribing the incorrect dose (12.9%), particularly for urology cases (Fig. 3) . Paediatric patients were significantly more likely than adult patients to receive an incorrect dose. Paediatric doses are usually adjusted by weight, requiring complicated calculations that may have contributed to the error in this group. Other reasons were use of the incorrect drug (11.5%) and prescribing the medication for the incorrect RESEARCH duration (9.5%). Once again, these errors highlight areas for targeted intervention and education.
Of the 205 cases in which an antibiotic was not prescribed, 73.7% were adherent, 23.4% were non-adherent because a diagnosis was not specified, and 2.9% were non-adherent because an antibiotic should have been prescribed. Again, this finding demonstrates the significant implications of not specifying a diagnosis, and that despite a general pattern of overprescribing there were six cases where an antibiotic was not prescribed when it should have been.
Study strengths and limitations
This study demonstrated poor antibiotic guideline adherence, with additional details on why antibiotics were prescribed and associations with specific variables. Reasons why prescriptions were not adherent to guidelines have not been published previously in SA. The methodology was standardised and robust, with an objective comparison of prescriptions to current national guidelines for primary care.
Limitations are that the study evaluated prescribing data only and did not confirm whether the correct diagnosis was made. This may have led to underestimation of the level of inappropriate prescribing.
Clinical decision-making is complex, and prescribing in certain clinical scenarios may not be conducive to following guidelines. Clinical experience and judgements were not considered in this study.
The study also did not include prophylactic antibiotic use or the use of antituberculosis medication. It is therefore an insight into only one aspect of all antibiotic use.
Recommendations
The study findings revealed an urgent need to address antibiotic prescribing practice in primary care. It suggests the need for targeted education of both healthcare professionals and patients to better understand rational antibiotic prescribing. There should be increased use and accessibility of technology, including guideline and prescribing phone apps, and also empowerment of the pharmacist to act as gatekeeper to ensure appropriate and correct prescribing. Further studies should include qualitative assessments of healthcare workers' knowledge, attitudes and antibiotic prescribing practices, as well as use of clinical guidelines.
Conclusion
Guidelines provide an evidence-based framework for the appropriate prescribing of antibiotics that is important for reducing the risk of antibiotic resistance. This study shows that despite the availability of published national guidelines, adherence to these in the Cape Town Metro District is low.
The study identified significant differences in adherence to guidelines between facilities, and according to the physiological system being treated and the antibiotics being used. There was a wide range of reasons for non-adherence to guidelines, but importantly almost 20% of all patients who received an antibiotic prescription did not require the antibiotic. This irrational prescribing compounds the risk of antibiotic resistance and the potential for adverse events.
Importantly, the high proportion of healthcare professionals who did not document a diagnosis, which is critical to rational prescribing, prevented a complete understanding of the problem.
Poor antibiotic prescribing practice is associated with an increased potential for antibiotic resistance. This study has shown an urgent need to address antibiotic prescribing in primary care in the Cape Town Metro District.
